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1. INTRODUCTION

The majority of aquatic environments ace usually neither constant nor predict-
able. As a rcstdt the ~ offish may be .exposed to a variety of conditions during
tl~ incubation fmriod. Selection has favoured thos¢ individuals whos¢ aggs can
d~velop within the range of anticipated environmental conditions. Since tempera-
tree is generally the most variable environments! parameter and also the most
controllable hatchery condition, it has been the most thoroughly investigat~
environmental factor influencing lish devdopn~nt.

The Salmonidae have received most of the research effort and our ¢urr=nt know-
l=ige of metabolic pspc~ls of ~:mbryoaic and larval fish development is primarily
based on studies of eggs which are relatively large and are adapted for low tempera-
tures and loaf incubation periods. For comparative purposes there is a ne~:d to
include a greater divexsity of species with different rt:producdv= strategies. The
limited information now available does, however, reveal the existence of species
variation ia the patterns and rates of yolk utilization as well as the growd~ of
=mbryos and larvae in response to different incubation temperatures (reviewed by
Heming & Buddiagton, in press). Data from th= various studies dtanons~rate
species-spin:tile ranges of incubation temperatures within which yolk utilization
dlicizncy aM survival are maximized.

Developnwnt rates and survival of chondrost=ns are affected by a:mperature
(Detlafet M., 1981; Wang e: at., !985). For example, Wang (1984) obsc.rved that
Size ofwhi~e Sturgeon embryos at hatch is inversely related to incubation tempera-
tare. His observations and measurements of yolk sue size relative to body length

~[To whotn rgpda! r~u~ts and coff~pon~nc¢ ~hould b= ad~csscd (Td: 213-a25-~7~.
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development stage. Chondrosteans are somewhat unique among fish in that they
develop holoblastically attd pos~s an intraembryonic yolk endoderm (Dctlal" &
Ginzbnrg, 1954); because of this, the yolk sac participates in formation of the
and yolk materials are present within the presumptive stomach and intestine. In
contrast in fish that develop meroblastically, characteristic ol" most teleosts, the
yolk sac is a~ extraembryonic structure. Presently, there is only a limited amount
of inforraat~on concerning the utilization of yolk materials by embryos which
develop holoblastically, such as the chondrosteans, and virtual[y nothing is known
concerning the influen¢-~ of temperature. We, therefore, investigated the rates of
development and utilization of yolk by embryos and larvae of white sturgeon
which were incubated at differenl temperatures.

11. MATERIALS AND METIIODS
PROCUREMENT AND INCUBATION OF EGGS AND LARVAE

Gametes (eggs and sperm) were obtained from one feral and several male white sturgeon
and fertilization followed Doroshov ex al. (1983). Two hundred millilitre~ of fertilized
were stocked into 2-1 incubation jars with a bottom flow inlet (Wang et el., 1985). Sixteet~
stocked jars were pt~sitiorted in a correspondi ng number of I 5-1 rea ring tan ks, each provided
with aeration. Groups of four tanks with incub=ttion jars were incorporated into isolated,
semi-closed recirculation systems which were tnaintain~d at I I, 14, 17, and 20=C. Each
systean was provided with constant water inflow such that the entire water volume was
turned over Iwice each day. Following hatch, the fry spilled out ol-the incubation jars and
were cx~tlected and held in the rearin8 containers.

Following Balon (1975) we use h~re the term ’embryo’ For developing fish prior to hatch,
and ’cleutheroembryo" for post-hatch, non-l’eeding fish tha~ are still dependent on yolk

SAMPL]N~ AND PREPARA’I’]ON OF MATERIALS
Samples for analysis were removed at the stages of neurulation (stage 22), hatch (state

36), appeara nee ofpylori¢ sphincter (stage 40), and yolk depletion (stage 44) asdescribed by.
Detlal’et aL ( 198 I) agd Wang e: al. (1985). The times requital to reach each developmental
stage at’the differen! incubation temperatures are presented in Fig. I. To provide adequa~
quantities ol’material for proximat~ analysis, we pooled approximately 600-1200 individ-
uals from the four jars at each temperature. Beta use oflower survival we did not sample
-~0° C treatments at stage 40. The developing fish were homogeni~,~cd with approximately
equal volum~ of chilled distilled water and wore then lyophilizcd. The resulting material
wss stored at - 20° C until analyzed. Because ol’the intraembryonie nature of the yolk sac,
we did not attempt to isolate the yolk materials from the somatic tissues of the embwos and
larvae; nor wer~ the egg membranes removed from the embryos. Therefore, proximate
composition values reflect the developing fish pins the associated yolk and, prior to hatch,
also the egg membrsncs and perivitelline fluids.

PROXIMATE ANALYSES
Dry matter determinations were performed on 10 individual embryos (with egg

membranes and pcrivltelline fluids prior to hatch) or eleutherocmbryo~ by dcssication at
65-.70° C (for 96 h). At hatch we also recorded the wet and dry weight~ of" I 0 larvae with
intact egg membranes. This allowed us to quantify the wet weight and dry matter associated
with the egg memhran¢~ and pcrivitelliue fluids hy comparison with recently hatcht~
larvae. A mean and S.I-~.M. of dry matter content per individual was calculated for each
treatment.

Caloric content of the lyophiliTx:d material was a~ertainex] by microbomb calorimetry
0-5-8,,~ .mplcs. protein content was measured by the method of Lowry et aL 095 I). Lipidl
were extracted from the I~,ophylizate by a 24oh refluxing soxhlet extraction with petroleum

C--047675
C-047675



Sent by: UCD SHIELDS ILL 530 752 7815; 11120100 9:57AM;J(I~-dX #614;Page 4/10

YOLK UTILIZATION 1t¥ WHIT~ STURGEON                              26.~

weighed. Ash con~cnt w,s mcu~ur~ l~]lowi,~ ignition o~ the ~mplcs (~50" C, 24 h).

II1. RESULI~

DEVELOPMENT RAT~ AN[~ WL~’T AND I~RY WEIGH’F~
The rateo~development was t~l~r~l~r~de~nd¢~ (Fi~. l), R~afivv ~o i l~ C,

l~ ~ r~ui~ to atiain s~[fic d~vclop~ntat s~g~ d~rcas~, on averse, by
2J% at 14°, 48% a~ 17°, and ~8% a~ 20°.

~ incrca~ o~ incubation temperature resulted in small~ e]cu~her~mb~yos at
hatch and at yolk depletion: there wcrc si~nJfi~nt ~r~ (P<0-05) in
~gth at hatch at hi~er incubation tcm~raturcs (Table I). ~ d~inc of &y
~atte~ du~ng development was also acc~lcra~d at elevated ~perat~es. The dry
~ttc~as~ciat~ with lhc e~ m~b~ancs ~d ~fivi~lli~ fluid was si~lar for
1~Iments and avcrag~ 0.97~0-03 rag. Hen~, the ~r~nmg~s of dry matter
presto in the unfertilized e~ ()~%) which was ret~n~ al l~t~ w~� 99, 9g, 93,
and 82% a~ the rc~p~ive cx~rimcnlal tcmpcFatures of 1], 14, 17, and 20=C.
~ffespanding values a£ yolk depl¢lion w~e 62, 59, 55. and 48%. T~ r~ul~
indi~ tha~ (t) ~he ra~ o[dry matlcr lass is dirtily relat~ to ia~badon
lure. and (2) ~he d~r~s¢ a~dry ma={cr is accelera=~ a~r ha=~, confounding
with ~¢ater activily of the developing fish.

In contest to dry matter, we( wci~ht incrca~ d~ng embryonic ~vciapmcnt
at all experimental temper~tur~ (except when the chofion was lost at hatch);
=big wa~ ~tu~d by an increase of moisture con~ent. Al~hou~ not ~ignificant
(P> 0.05), embryonic wet weights t~t~d~d to ~ lower at ¢leval~ temperatures.

C--047676
C-047676





Sent by: UCD SHIELDS ILL 530 752 7815~ 11/20/00 9:57AM;Jr~-dI~ #614;Page 6/10

YOLK UTILIZ^TI~N I~Y WHITE STLIRG~ON 267

~d’tcr hatch, wet wdghm increasvd but no= in a direct relationship with
tempcr, tture. El~udtcrocmbryos attain~ the gr~t wet wrights at 14 and 17= C,
with tho~ ~ar~ at 11 and 20~ C being lighter. Whc~as the bwcr wet weights at
~o C were pa~ially caused by a lower dry mater ~ntont, the low value at ! V C
was du¢ to a ~u~ moistur¢ ~ntcnt.

~HEMI~L CHANGES
The bi~hcmieal data (Fig. R) r~val chan~ in pmxima~ ~m~sition

during the noa-f~diag devo!opm~t of whirr sturg~n r~r~ at thv ex~rimcn~l

Peoria, the primary conshtueat of the dry matter o~ the f~rti~ ova (5.68
67% of the d~ weigh0, exhibi~ a ~nsisteat d~ throu~out d~v~lop~n= in
all treatments [Fig. 2(a)]. Protein ~nt~nts ~ sturgeon i~u~ a~ 20°C,
however, were consistently lowvr than tho~ al other tvm~ratur~, whi~
~ilar. As a r~uR, at yolk dcpl~tion the p~=n=age of yolk pro~ia ~nwrt~ into
=leatherocmb~o ~nged from 48 to 52% for sturg~n rear~ at m~mtu~ from
11 1o 17= C but was only 38% for tho~ at 20~ C.

Most of~� fa~ coatv~t of ~h~ ova (2.58 rag; 30% of ~he dry w~0 w~ r¢=ain~
during embryonic development [Fig. 2(b)l. Only at 20°C ~d ht ~ntcat drop

~as a rapid decline in fat within all tr=atm=ats. W~n ~ yolk w~
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34-40% of the original fat had been retained in larvae at 14--20° C. Fish at l !° C
retained 52% of the initial lipid provided in the ova.

Changes in caloric content [Fig. 2(c)] corresponded to changes in protein and fat
percentages. For example, during the egg phase the decrease of calori~s can be
attributed primarily to the utilization of protein. During this period there was
comparatively low utilization of the higher caloric density lipids. Because of the
retention oflipid, the rate of decrease of protein during the egg phase was slightly
greater than that for the caloric content. The increased utilization of lipid after
hatch resulted in slightly lower percentage of original egg calories remaining at
yolk depletion, relative to protein. However, the observed differences between tim
rates of depletion of thc original protein content and calo ric density due to shifts in
the utilization of lipid were not significant. This was due to the presence of over
twice as much protein as lipid in the egg (5-68 mg v, 2-58) which would reduce the
influences caused by changes in lipid content. Although fish reared at 20° C had a
lower caloric density at hatch, when the yolk was depleted fish reared at |4--20~ C
were similar in caloric content. In agreement with lipid data, an incubation
temperature of 11=C resulted in a higher caloric density when the yolk was
depleted.

The large increase of ash content after fertilization [Fig. 2(d)] was due to the
hatchery procedure of silt-treating the eggS which results in the adhering of silt to
the egg membrane. This is performed to eliminate the adhesiveness of the eggs and
allow them to be incubated in the hatching jars without clumping. When the egg
cases Were shed at hatch, the ash content decreased to levels which were slightly
lower than prior to the siltation procedure. Again, values from fish n:ared at
11--I7° C were sim~ar whereas those from 20° C had a low~ ash content at hatch.
When the yolk was depleted, tish reared at 14 and I 7° C had higher ash levels than
did fish incubated at 110 C, and especially at 20° C.

IV. DISCUSSION

The influence of temperature on the development rate of white sturgeon eggs was
similar ~o that described for other acipen,~rids (Detlaf e~ al., 1981; Nikol*skaya&
Sytina, 1978; Detlaf & Ginzburg, 1954). The combined data from the various
studies, including the present one, indicate that the developmental responses el’ the
holohlastic eggs ofchondrosteans to differen~ tempcratut~ arc, in general, ~milar
to those ofmeroblasti~ eggs. Hence, when the incubation temperature is increased
there is an acceleration of d~elopm~nt, which apparently causes a greater pro-
portion or’ the yolk reserves to be channelled into catabolic rather than anabolic
processes. As a result, size based on dry roarer content of the embryos and
deutheroembryos is inversely related to temperature, as indicated in Table I.

The pattern of nutrient utilization in white sturgeon eggs is similar to that
reported for eggs of other fish, regardless of cleavage type. A relatigely constant
decrease in protein content throughout pre-feeding d~vdopment has t~en reported
for salmonids (Heming, 1982) and other fish ~reviewed by Heming & Buddington,
in press). The .trend of lipid conservation prior to hatch, followed by a de, crease
during the eleutherocmbryo phase, is also consistent among fish.

Bach species has a preferred temperature range for egg incubation within which
egg survival is high and ufili~tion of yolk natrients is relativ¢Iy ¢f/icient and
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results in either death of the embryo or the development ol’abnormalities. Further
deviation From the optimal range cause~ increasing mortality. ~is pattern has
~¢n obscr~d in white sturgeon (Wang et at., 1985) as well as other s~i~ [~tlaf
e~ al.. 1981),

Ap~reatly. the ~ady life stages of most fish are unabl~ to ~m~n~te for
~m~ratur= fluctuations. Hen~. fi~ should ~ adapt~ to spawn within ~ifi¢
tem~tur¢ .rang~. The lower~ su~ss when incubation o~u~ outside of the
~nge may ~ attribu~ to a ~ety of fa~o~, all of which weald ultima~y
impinge on cell functions. ~rr~nding with this, tem~rature is a major
stimul~ For east of r~r~uctive activiti~ in various fish sp~ies (~ew~ by
~m. 1979).

The reasons why tempe~tur~ outside o¢ the optimum elidt death or
meat of abnormalities are not el~r. For instant, why do ~e eg~ oF most
aci~n~rids ~hibit an increase of abnocmal development or morality when
incubated at tem~atur= a~ve 20° C or ~low 8° ~ ~ tem~ratu~ would
not ~u~ protein denaturation and should not abo~sh enzyme aetivi~.
parental, but ~ of yet unexplor~, explanation may ~ ~mpro~d membrane
func~ons. If ~rly developmental stag~ am not abl~ to alter the fatty acid compo-
sition of their ~11 membranes in ~sponse to different tem~ratur~, th=a t~pe~a-
tur~ deviating from ~e optimum would r~ult in chang~ of ~il membr~=
fluidity and would ~mpromise membrane functions such as ionic regula~on, A
review ogthe li~ratu~ indites that lipid biosynthetic ~pacities inc~ with
and that ~rly developmen~l s~ges offish may b~ unable to alt~ thdr m~bran=
lipid com~sition (Ter~ etal., 1968). ~or to hatch there is little variation
htty acid mm~sition (Nakayama & Tsuchiya, t 976) and the ratio of saturat~ tc
unsaturat~ htty acids ~mains unchanged (Hayes e: al., 1973). Althou~ none
thee studi~ det~rmin~ the infix= of~mpe~ature on lipid ~mposifion of earl3
stag=, the existing dam do suggest that fish ~bryos prior to @st~hfion
su~cient me.belie =pabilities to synth~ize fat~ acids or alter ~ose provid~
the yolk. ~erefom, it is unlikely that ~rly embryos exposed to ~anging
tur~ are abl= to adapt the composition of thor cell membrane, hen~ fl~dity
their cell membran~ r~ulling in ~ll dysfunction. ~er~ is a n~d to eapion
further the me~bolic ~pacities of developing fish and al~ iav~tiga~ p~bl~
differen~ ~tw~n slen~thermal and cut,hemal eggs. Another po~nti~sabj~
for ~ is how t~ quantity and fatty a~d ~m~sition oflipids in th~ manna
diet may influca= th= lipid composition of th= eggs; then, in t~rn, how the lipi=
~mposition of th~ eggs might influen~ the mm~ralure ran~ ~lhin which th,
eggs ~n su~ive and de.lop nervily.

~e similarity ia su~ival and yolk utilization eff=ci~ncy of whi~ starch
iacu~t~ at ~tw~ ] I and 17° C ~uld ~ e~ploited by hatchery o~ra~,
Higher iacu~tloa tem~ratu~ will r=ult in an earli~ hatch ofm~what s~ll¢
eleutheroemb~os (Wang 19~), bat t~ smaller si~ is due primarily to
emb~os hatc~ng at an ~rlier developmental singe ~ang et aL, 1985). W~
Ce~iag is initia~ fish si~ is ~mparable, ~gardl~s of intuition
This ph~omenon has al~ ~¢n ~rted for other fish (Heming, 1982). A
of the higher t~ratureg is the shorter incubation ~fi~ and ~rli=r on~t c
exo~nous feting. He~, the ~rlier f~ing will allow a hatchery o~rator t,
real~ the exponential growth asso~at~ with feting at an ~rli~ date. Th
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thermal plasti~t~ ~hibRed by chondra~¢aas with resp~1 to ~ca~tioa tem~ra-
tur~ will also obviate the r~uiremea~ ~or pr~i~ t~p~ture control.
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